Abstract: The purpose of this study was to evaluate the validity and reliability of orthodontic measurements made on laser scanned 3D models created with NextEngine laser scanner and ScanStudioHD software. The data sources were plaster dental models from the archives of School of Dental Sciences, Universiti Sains Malaysia. A total of 100 dental models with 800 variables were measured using the plaster dental casts and laser scanned 3D models. The arch width, arch length, arch perimeter, LII, OJ and OB were measured by digital caliper (DC) and ScanStudio HD software. The validity (accuracy) of the digital measurements showed no statistical difference in any of the measurements performed. The reliability coefficient values were comparable between laser scanned 3D models and measurements using DC, the ICC coefficients were statistically significant (p<0.001), and the values of coefficient were in the range of strong correlation. The results show that linear measurements of dental casts using laser scanned 3D models are valid and reliable and can be used for various clinical orthodontic procedures.
Introduction
Successful orthodontic treatment is based on comprehensive diagnosis and treatment planning. A few of the fundamental factors in the diagnosis are the spacing condition, tooth size, arch form and its dimensions, as well as the tooth-arch discrepancies 1) . The model analysis is a time-consuming procedure. Nevertheless, it is a vital part in the diagnosis and subsequent treatment planning process. However, in a day-to-day practice many orthodontists judge the models subjectively, without applying analytical test 2) .
Plaster study casts have a long and proven history in orthodontics. They have been the ''gold standard'' in orthodontics, with advantages ranging from being a routine dental technique, ease of production, inexpensiveness, and ease in measurement to plaster casts being able to be mounted on an articulator for study in three-dimensions. The use of stone and plaster study models is an integral part of any dental practice and is required for research. Storage of study models is problematic in terms of space and cost 3) . Alternatives had been developed for easy measuring of occlusal relationship, electronic storage of records, ease of access, ease of record, ease of transfer and high accuracy. However, if the physical restoration of a digital occlusal record is needed, possibly for medico-legal reasons, an accurate method of three-dimensional (3D) reconstruction is required 4) . The idea of 3D true orthodontic models seems very promising, if proven to be trustful and accurate. The electronic storage of all patients' data, including study casts will eliminate problems of storage, retrieval and maintenance of models, office management and communication between various dental specialties giving the possibility for easier consultation and presentation 5, 6) . The laser surface scanner generates accurate 3D data. Studies involving dental casts can be performed with ease because computerized 3D wire-frame diagrams allow models to be cut, superimposed, and measured in the computer 7) . Assessment of dental models for the various measurements on digital and plaster models showed good agreements and validity 8) . It was determined that digital models offer a high degree of validity and measurement differences are likely to be clinically acceptable. To our information, no study has evaluated the validity and reliability of measurements on digital models created with NextEngine laser scanner and ScanStudio HD. Therefore, the
Subjects
The source of data was plaster dental models of pre and post orthodontic treatment from the archives of the School of Dental 2. Permanent dentition. 3. All teeth having normal morphology (Absence of anomalies in the number, size, and dental shape). 4. The teeth in the casts displayed no visible attrition, caries, or large extensive restorations affecting the mesio-distal or buccolingual diameter of the crown.
5. Absence of prosthesis. 6. Any patients or casts showing gross dental abnormalities.
7. Poor quality of study models.
Conversion of dental cast into Laser Scanned 3D dental models
Laser Scanned 3D dental models were created by scanning of plaster models with NextEngine laser scanner and ScanStudio HD software. First, the scanner collects surface data of the object by flash light, and then four laser beams slowly move across the surface of the object, capturing data points that form polygons which form the geometric structure of the object ( 6. Little's Irregularity Index (LII): The index used to evaluate the maxillary anterior crowding was proposed by Little 13) and named after him. The Little's irregularity index was used because of its great reproductive, precision and it is used in the most studied about crowding and relapse. The variables described by this irregularity index were adapted to be evaluated on the maxillary arch. This adaptation was used in previous studies 14) . Each linear displacement between 5 anatomic contact points (A, B, C, D, E) of the anterior teeth were measure. Little's irregularity index comprises the 5 linear displacements added up, which represents the amount of crowding in the anterior teeth.
Statistical analysis
Reliability of the measurement were statistically assessed using The results of OJ and OB values were presented in Table 3 .
Descriptive statistics such as (mean value, standard deviation, 95%
CI and minimum and maximum values) were calculated.
Results Tables 1 and 2 shows the reliability of digital measurements using DC and laser scanned 3Dmodels. The ICC coefficients were statistically significant, p<0.001 and the values of coefficient were in the range of very strong correlation 15) except arch length (upper arch post-treatment) using 3D model (0.721), arch perimeter of lower after using 3D (0.720), OB (upper arch pre-treatment) using DC (0.849) and LII (lower arch pre-treatment) using DC (0.790) but all the coefficients were acceptable (>0.7). The results of the linear measurements are shown in Tables 3-6 show the mean value in millimeters using both DC and 3D models. According to our finding, the comparison showed no statistical difference in any of the measurements performed.
Discussion
To our knowledge, this is the first study that appraised the validity and reliability of linear dental measurements on conventional plaster models measured using DC and the laser scanned3D models produced with NextEngine laser scanner and measured by ScanStudio HD software. The plaster and laser scanned 3D digital models measured by DC and ScanStudio HD showed no differences in measurements of arch width, arch length, arch perimeter and LII for each of the variable measured. The laser scanned digital model measurements were similar to manual measurements obtained by DC. This study has shown that the Table 5 : Upper arch size measurements (post-treatment) between DC and laser scanned 3D model.
The median of upper arch 1-PM post-treatment was zero because of multiple extraction done for treatment purpose. The median of LII was zero because irregularities were corrected after orthodontic treatment. The results of OJ and OB were not presented for lower as the values were counted for upper only. The median of LII was zero because irregularities were corrected after orthodontic treatment.
designed 3D system and its accompanying software were efficient for virtual dental cast reconstruction. The software had sufficient accuracy and reproducibility for measurements. Several studies have confirmed validity and reliability when measuring arch dimensions with either plaster or digital models 4, [16] [17] [18] . We can magnify the laser scanned digital model to mark out the desired point as the magnification of the virtual image is an excellent advantage compared with the plaster models, because of anatomic details can be more accurately viewed 19, 20) . Zilberman et al., compared values of standard study model and virtual models (OrthoCAD) measurements by the use of nonparametric statistics, and methods' errors were also calculated. Results showed the methods being highly valid and reproducible for both tooth size and arch width 16) . Keating et al. 8) evaluated the accuracy and reproducibility of a three-dimensional (3D) optical laser-scanning device to record the surface detail of plaster study models. They found that, mean difference between measurements made directly on the plaster models and those made on the 3D digital surface models was 0.14 mm, and was not statistically significant 8) . Based on the orthodontist's training, abilities, and preferences, measuring on a computer screen can be more or less accurate than the standard plaster model. In terms of inter-examiner reliability, assessments on plaster and virtual models were all substantial. In this study, it was noted that the substantial significant agreement both for conventional study model and laser scanned 3D model. Calibration of examiners is essential for both manual and digital methods of measurement. In conclusion, linear measurements of dental casts using laser scanned 3D model are valid and reliable. Laser scanned 3D model can be used for various clinical orthodontic procedures such as arch width, arch length discrepancies, arch perimeter analysis, degree of irregularities and for research.
